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ABSTRACT: A stacked p-FET dosimclcr ( orisi.ting of a RADMON nlother ctlip with three p-FETs
and multiplexer and an attached RADI [ ‘1 lIas I)een clevelopecl for the SIRV-2/MWIR  detector, a
joint US-UK prc}ject.  Calibration c}f tt)c (it]:.irli{ler, using an Anl-241 source, indicates that the
RADFET is about 20 times more sei~sitlve tc, ra{iiatiorl ttlan ttle RA[)MCJN.

INTRODUCTION: This dosimetel  is ifltel,cl(:cl to be us(d to nlonitc)r ttle dc)se inside the Space
Technology Research Vehicle (S”lRVI) r,lc(~,(lrrl-lwavc’barlcl Infra-reel (MWIR) detector to be
launched in 1998. The dosirneter  cc~rlsist’ of a thin-oxide RADMON rrlottwr chip [1] with three p-
FETs, multiplexer, and other devi( es a$ SICII it, F ig. 1. A thick-oxide RADF E“T [2, 3] is attached to
the mother chip as seen in Fig. 2 a)lc! cc)jlsists clf four IJ-FETs. Only one type K is used. Since
the RADFET is 20 times more serrsitiv[ I(, Iiidlii!ion  tt~arl the RADMC)N, this dosimcter is capable
of measuring both low and high cic)scs. 3 lit ol)jective of Ibis effort is to develop a stacked p-FET
dosimeter for ttle STRV-2/MWIR detccfor tlrtd to calil)rate the dosilueter using a low-cost bench-
top radiation An~-241 source.

CHIP DESIGN: l-he p-MOSFET  r!lotlt([  ( t~i~,, !.llowt~ ill Fig. 1, cclnsists of an 8-bit multiplexer
(MUX) that addresses four p-FE~_fs  (P(;O,  1’(;4, I’K6, F’G7), two n-FFl”s (NC;l  and NF3), a resistor
(RM2), and a user selected device (EP5) wllilll t aI~ be the on-chip clic,cle (DP5). The RADFET was
attached to the mother chip as shc}wll ill f ig. 2 usirlg I-mif  ttlick non-conductive epoxy. The
RADFET is 21+nils thick and shielcis tile h’IUX NG1, NI 3, and PG4. lhc tnother  chip was die
attached with a AuGe preform tc~ a 1[,-llil~ flat l~ack. Tile package has a I-roil thick aluminized
mylar lid that minimizes shieldirlq eflfc.t~ (If tlIc  lid. if) the follc)wir]g calibration experiments,
unliclded devices were used.



THRESHOLD DISTRIBUTIONS: Itltcgr’al  to tile dosin-retry process is batch calibration. That is, a
few devices must be selected fl-orll a Imtt h ~IrId destructively tested with radiation with the
assurance that the resulting calibratio!l curw: is applical}le to the rest of the batch. This requires
fabrication of P-FETs with tight clectlical Iml,ili}eters. The thresholci voltage, VT, is used to
determine if a p-FET is part of the maII’I  ~lcll)ultttlon  or an outlier. The threshold voltages were
measured at room temperature with IIw F I ‘1:. in saturation. Five points IV curves were measured
around the temperature-independent Iwillt [4). The threshcjld voltage was determined from a
Ieast squares fit to the data extral]olai[d  10 I ~ O. The VT distributiotls,  shown in Figs. 3 and 4,
indicate that the VT for the RADM{)Ns  ik [M95 I [}.003 V and for the FIAPFETs is 2.15 * 0.03 V.

Am-241 CALIBRATION: A low-cost [Jorl( h I(IP :lf~proach was used to calibrate the devices using
a l-pCi  Anl-241 source. The p-FE 1 vollave v~~$ measured at 100-IJA . The RADFET (PK6) was
determined directly from this voltage arid ttll RADMON (PGO, F’G4, ancl PG7) voltage was
amplified 10 times. Typical results in f lg. $ show the Iir}ear time dependence of the voltage for
PK6 and PGO measured every 30-r~lin.

To compare RADF:ET and RADMC)N resllltsl ttte (lifferct-rces  in the device-to-source distance must
be determined. This was done using IIlc dose  rt:le, Dt in racWsec expression [5]:

(1)

where
%

is in rad”mg/MeV),  q is tllc lluk. it] i ‘I rn2 ’ s e e , arrci L is the linear energy transfer in
MeV.cm hng. The flux for a point sourt c i; l!)]:

q !,l~nR? (2)

where S is the source strength it} #1/scc aIId R IS the? distance in roils from the source to the p-
FET. The distance is ill-defined al~d s(, \P,as deterrrlillcd by rnakir~g dose measurements at
different heights, h, above a refcrellcc  }Ioilt  :It)cwe the p-~ ETs. Tht)s F< is clefined as:

[; : }1 + [1 + A.112 (3)

where H is the offset distance from tt~c r~:fcrell( e ~lcjint from which h is measured and A is a
fitting parameter used to account for the cil’viati{lrl of the source frc)rli  a point source. Finally, the
p-FET output voltage rate, Vt, is related to It),: &Ise  rate t~y:

\’t z V[)Dt

where VD is in mV/rad, The combirlatiol) of ttlc :: IIOVC results

Vt s K)(I1  I 1] +  A+2)2

where K = VD”Ko.SCL/4n.

(4)

leads tc) tile fitting algorithm:

(5)

The results in Fig. 6 show the voltage stlill [el;:liorlstlip  between ttlc p-~Els as a function of R,
The parameters determined from tile Ie:)st sq~Ia Ics fit to the data arc Iisteci in Table 1. The ratio
of the dose response for the p.~ E ‘1s i’-. K(l-’K6)/K(F’C+O)  = 1.72 and when adjusted for the
amplification factor used with PC+(1 tlm [I(lst,: Iat! , is 17.2. Figure 6 CaII lx scaled in terms of dose
using Eq. 4. For RADMC)N VD is abc)ui  5 rllV/lrad  [1]; ttlus, for the RADFET VD = 86 mV/krad.
Previous response [3] of the type K I{O,DF El 11.il~g CO-60 qamma rays was 200 mV/krad at zero
bias. The data in Fig. 6 will be US((! to sfl the anll~li~ication factc)r for the ST FW-2/MWIR
dosimeter so the sensitivity of the RA[)~d(IN  aft! r anlpliflcation  will I)e close to the sensitivity of
the RADFET befc)re amplification.
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Figure 1. RADMON mother chi}} 1.8 tr~~fl x
2.2 mm. } igure 2. Stacked p-F[.T dosimeter with the

RAIIMC)N  rllotller chip and attached RADFET

1 rliln2.
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Figure 5. RADFE:I (PK6) and RADMON (PGO)
Figure 3. Threshold distributiotls for Ilte otlt~lut voltage change due to a l-pCi Am-241
RADMONS. source where t h e RADMON voltage is

arll~,lified 40 tinlcs and the source is 50 roils
abc)ve the refcrclice  poitlt.
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Figure 4. Threshold distributiorls  ioI til( I ic!ure 6. RA[JF ET (F’K6) a n d  RADMON
RADFETs. (PLO) output voltage shift as a function of

tlic (iistance to a l-~JCi Am-241 source where
tllc fiADMC)N voltage is amplified 10 times.


